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ABSTRACT- 

This document contains the outlines of each of 34 
lectures given in the Earth Control and Investigations course 
sponsored by the Denver Laboratories. Topics covered include 
construction control of earth daas, canals, and filters; field and 
laboratory test procedures; soil classification and logging; a»d 
field investigations. (DT) 



ERIC 



' ^ 1 COURSE 



n 

O || 



I- 



* 1974 r 





J ^ 



- ,y 



UNITED SPATES 
DEPARTMENT OF TUB INTERIOR 
BUREAU OF RECLAMATION 



ENGINEERING AND RESEARCH CENTER 
Denver, Colorado 



EARTH CONTROL AND INVESTIGATIONS COURSE 



Division of General Research 
Earth Sciences Branch 

Building S6 
Denver Federal Center 




February 4 to February IS, 1074 



CONTENTS 

Pago 



Description of Course ••••••••••••••••• •••• 1 

Schedule of Classes • «•••••••• 2 

Instructors •••••• ••••• • 6 

Participants ••••••••••••• 8 

Lecture Outlines .••••«.•••••.•«.••«•«••••««•«.••.•«••«••• li 



Conversion Factors - British to Metric Units of 
Measurement 

Organization Chart - Engineering and Research Center 



DRfiCRIPTION OP COimSR 

The Rarth Control and tnvost igations course has been Riven 
by the Denver Laboratories during 20 of the nast 28 years. The 
course is presented by the Rarth Sciences Branch of the Division 
of General Research with assistance from the niyi|ions of Dosifin, 
Construction, and Planning Coordination. The training is designed 
to promote consistency and uniformity in control and invest ipat ion 
procedures throughout the Bureau of Reclamation, 

This notebook contains the outlines of each lecture and space 
for note taking* At the end of each outline arc study references 
that you should review before eac'i day's lectures, 

On the last day, there will he a panel discussion of any 
questions you would like to ask, Ouestions should be deposited In 
the container at the front of the auditorium. 

Three examinations will be fjiven during the course. On Friday, 
February 8, you will be tested on construction control. On Monday, 
February 11, a test will be piven that covers field and laboratory 
test procedures* The last examination will be given on Friday, 
February 15, and will cover soil classification and logging and 
investigations, The grades of these tests will be reported to your 
nroiect or your ai^ency and will become a permanent part of your 
personnel fire. 'Special recognition is given to those students 
with the highest grades. 
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EARTH COtfTROL AND INVESTIGATIONS COURSb - 1974 
Class Schedule 



Monday - February A 
Time Sublect Outline Instructor 



7:30 


Registration 




A. 


K. 


Howard 


8:15 


Welcome 




H. 


G. 


Arthur 


8:30 


Denver E&R Center 






J. 


Cohan 


8:45 


Current Construction Program 




W. 


R, 


Groseclose 


9:00 


Design Concepts 




J. 


W, 


Hllf 


9:15 


Future Projects 






W, 


Reedy 


9:30 


Introduction to Course 






J* 


Glbbs 


9:45 


Break 










10:00 


Construction Control Introduction 


1 


C. 


A. 


Low it z 


11:00 


Fundamental Definitions (related to 












field and lab test procedures) 


2 


A. 


K. 


Howard 


11:30 


Group Photograph 








Batts 


12:00 


Lunch 










12:30 


Field and Laboratory Test Procedures 












First Session 












Field Density 


3 


R. 


D. 


Richmond 




Lab Compaction 


4 


0. 


R, 


Harju 




Standard Properties 


5 


P/ 


C. 


Knodel 




Permeability and Settlement 


6 


J. 


Merrlman 




Rapid Compaction Control 


7 


G. 


DeGroot 




Tuesday - February 5 










7:30 


Construction Control - Earth Dams 


8 


E. 


M. 


Gray, Jr, 










and 


E. L. 










McAlexander 


9:45 


Break 










10:00 


Construction Control - Earth 












Dams Quality Control 


9 


A. 


Zlaten 


10:30 


Responsibilities of Inspectors 




C. 


E. 


Tackett 


11:00 


Construction Control - Foundation 












Grouting 




L. 


R. 


Gebhart 


12:00 


Lunch 










12:30 


Field and Laboratory Test Procedures 












Second Session 


3-7 
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Class Schedule - Continued 
Wednesday February 6 



lias Subject Outline Instructor 



7:30 


Earth Dam Instruments 


10 


W. 


W. Daphn 


8:30 


Earth Dam Instruments - 










Application of Data 


11 


R. 


W. Kramer 


9:30 


Break 








9:45 


Special Laboratory Tests 


12 


W. 


Ellis 


10:30 


Construction Control - Canals 










and Miscellaneous Structures 


13 


H. 


J. Glbbs 


12:00 


Lunch 








12:30 


Field and Laboratory Test Procedures 










Third Session 


3-7 








Thursday - February 7 








7:30 


Construction Control - Field 


14 


W. 


Bills 




Laboratories and Reports 




J. 


A. Alkele 


8:30 


Construction Control - Filters 


15 


C. 


W. Jones 


9:30 


Break 








9:A5 


Soil-Cement - Slope Protection 


16 


G. 


DeGroot 


11:15 


Soil-Cement - Pipe Bedding 


17 


G. 


DeGroot 


12:00 


Lunch 








12:30 


Field and Laboratory Test Procedures 










Fourth Session 


3-7 








Friday - February 8 








7:30 


Construction Control - Examination 




A. 


K« Howard 


8:45 


Safety Program 




R. 


J. Seatle 


9:15 


Break 








9:30 


Film 








10:30 


Field Investigations - Introduction 










to Foundation Requirements 


18 


H. 


J. Glbbs 


11:00 


Field Investigations - Relation to 










Project Planning 


19 


G. 


H. Talbot 


11:30 


Free Time 








12:00 


Lunch 








12:30 


Field and Laboratory Test Procedures 










Fifth Session 


3-7 
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Class Schedule * Continued 



Monday * February 11 




9:45 
10:00 

11:00 
12:00 
12:30 



Subject 

Field and Laboratory Teat 

Procedures - Exam 
Classification and Logging * 

Geology and Origin of Soils 
Break 

Claasi float ion and Logging - 

Geologic Logs of Drill Holes 
Field Investigations - Field Tests 
Lunch 

Claasification and Logging - 
Classification Introduction • 
Discussion and Practice 



Outline 



20 



21 
22 



23 
24 



>. 

Tuesday February 12 

7:30 Field Investigations - Exploration 

Procedures and Sampling Materials 25 

8:30 Classification and Logging * 

Test Pits and Auger Holes 26 

9:30 Break 

9:45 Field Investigations - Canals 
and Miscellaneous Structures 
Foundations and Materials 27 

11:00 Field Investigations - Field 

Permeability Tests 28 

12:00 Lunch 

12:30 Classification and Logging - 

Fine-grained soils - 23 
Discussion and Practice 24 



Instructor 

A. K. Howard 
I* E. Klein 



L. R. Burton 
P. C. Knodel 



J. P. Bara 
Assistants 
C, T. Coffey 
L, J. Cox 
G. DcGroot 
0. R. Harju 
P» C. Knodel 
C. A. Lowltz 
R. D. Richmond 



R. C. Hatcher 
A. Zlaten 

C, A, Lowitz 
C. U. Jones 



J« P. Bara 
Assistants 
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Class Schedule - Continued 
Wednesday > February 13 



Time Subject 

7:30 Classification and Logging 
Coarse-grained Soils 
Discussion and Practice 
12:00 Lunch 

12:30 Classification and Logging 
Borderline Soils • 
Discussion and Practice 



Outline 



23 
24 



23 
24 



Instructor 



J. P. Bara 
Assistants 



J. P. Bara 
Assistants 



T hursday * February 14 



7:30 Field Investigations * 
Sampling Foundations 
9:15 Break 

9:30 Field Investigations - Earth 

Dam Foundations 
10:30 Field Investigations Earth 

Dam Materials 
12:00 Lunch 

12:30 Classification and Logging « 
Undisturbed Soils ^ 
Discussion and Practice 



29 R. C. Hatcher 

30 L« W. Davidson 

31 E, W. Gray, Jr. 



23 J. P, Bara 

24 Assistants 



Friday - February 15 



7:30 Classification and Logging and 

Investigations Examination 
9:30 Rock Mechanics * In situ Testing 
10r30 Rock Mechanics - Int^trumentation (I) 

Rock Mechanics - Instrumentation (II) 
11:30 Free Time 
12:30 Lunch 
1:00 Question and Answer Panel 
2:00 Discuss Examinations 

3:00 Present Certificates 



J. P. Bara 

32 E. J. Slebir 

33 W. G. Austin 

34 J. W. Fabry 



Instructors 
J* P* Bara and 
A« K« Howard 
H. J« Cohan 
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Alkele» John H. 
Austin, WiUlain G. 
Bar a, John P. 
Bock, Richard W» 

Burton, Lynn R, 

Callow, B. A. 
Coffey, Carroll T. 
Cotton, Charles E. 
Cox, Lytfian J. 
Daehn, Wllmar W. 

Davidson, Luther W. 

DeGroot, Glenn 
Ellis, Willard 

Fabry, Joseph 

Gebhart, Lloyd R. 

Gibbs, Harold J, 
Gray, Edward W, 

Hatcher, Robert C. 
Harju, Oiva R. 
Howard, Amster K, 
Jones, Chester W. 



INSTRUCTORS 

Engineering Technician 

Earth Sciences Branch 
Structural Engineer 

Earth Sciences Branch 
Civil Engineer 

Earth Sciences Branch 
Section Head 

Earth Dams Section 

Hydraulic Structures Branch 
Geologist 

Geology and Geotechnology 

Branch 
Engineering Technician 

Earth Sciences Branch 
Engineering Technician 

Earth Sciences Branch 
Engineering Technician 

Earth Sciences Branch 
Engineering Technician 

Earth Sciences Branch 
Civil Engineer 

Earth Dams Section 

Hydraulic Structures Branch 
Civil Engineer 

Earth Dams Section 

Hydraulic Structures Branch 
Civil Engineer 

Earth Sciences Branch 
Section Head 

Soil Properties Testing 

Section, Earth Sciences Branch 
Structural Engineer 

Earth Sci*?nces Branch . 
Civil Engineer 

Construction Liaison 
Chief, Earth Sciences Branch 
Civil Engineer 

Earth Dams Section 

Hydraulic Structures Branch 
Engineering Technician 

Earth Sciences Branch 
Civil Engineer 

Earth Sciences Branch 
Civil Engineer 

Earth Sciences Branch 
Section Head 

Special Investigations and 

Research Section, Earth 

Sciences Branch 



INSTRUCTORS • Continued 



Klein, Ira E. Oeoloqiist 

fieolopy and Ceotechnology 
Branch 

Knodol, Paul L. Civil RnRineer 

Earth Sciences Branch 
Kramer, Richard W. Civil EnKineer 

Earth Dams Section 

Hvdraulic Structures Branch 
Lowiti, Clemith A. Civil Engineer 

Earth Sciences Branch 
McAlexanderi Errol L, Civil Enpineer 

Earth Dams Section 

Hydraulic Structures Branch 
Merriman, John Civil Engineer 

Earth Sciences Branch 
Peterson, Robert A, Civil Engineer 

Earth Sciences Branch 
Richmond, Robert D, Civil Engineer 

Earth Sciences Branch 
Roselle, Larry A, Engineerinj; Technician 

Earth Sciences Branch 
Slebir, Edward J, Structural En<?ineer 

Earth Sciences Branch 
Tackett, Cecil E. Civil Engineer 

Construction Liaison 
Talbott, George H. Chief, Water Management Planning 

Branch 

Tiedemann, Drew A. Civil Engineer 

Earth Sciences Branch 

Zlatcn, Alexander Civil Engineer 

Earth Dams Section 
Hydraulic Structures Branch. 



SPEAKERS 



H, C, Arthur 

H, J. Cohan 

W» R, Croseclose 

J* W, Hilf 

R. J. Searle 

W. W. Reedy 

D. J. Duck 



Director, Design and Construction 
Chief, Division of General Research 
Chief, Division of Construction 
Chief, Division of Design 
Chief, Division of Safety 
Chief, Division of Planning 

Coordination 
Deputy Director, Design and 

Construction 
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1974 

EARTH CONTROL AND INVESTIGATIONS TRAINING COURSE 





PARTICIPANTS 




Name 


Project 


Location 




PACIFIC NORTHWEST REGION 




Rodney D. Pegram 


Columbia Basin 


Ephrata, Washington 


David A. Huss 
Robert B* MacDonald 
Robert J. Roelofsz 


Third Powerplant 
Third Powerplant 
Third Powerplant 


Grand Coulee, Washington 
Grand Coulee, Washington 
Grand Coulee, Washington 


Hat o 1 H T Prv 


L»ni ei Josepn uam 


Manson, Washington 


Keith D. Weverstad 


Rathdrum Prairie 


Post Falls, Idaho 


Gerald V. Jacob 
Douglass C. Jarvle 
Richard H }AcC\uno 
Tommy R. Strickland 


Teton Basin 
Teton Basin 
leton oasin 
Teton Basin 


Newdale, Idaho 
Newdale, Idaho 
Newdale, idano 
Newdale, Idaho 


John L. Chase 
Dell L. Norman 
Joseoh C» Schrace 


Tualatin 
Tualatin 

iUcli.aui.ll 


Forest Grove, Oregon 
Forest Grove, Oregon 
rorest urove, uregon 


Gary A, Hoi linger 


Regional Office 


Sacramento, California 


Jamps E. 0\ ivpr<5on 
John D. Wilkie 


AUDurri" ro i sum oou tn 
Auburn-Folsom South 


AUDurn, vjaiiiornia 
Auburn, California 


Edward J. Bennett 


Sacramento Valley 


Willows, California 


James A. Talley 


Lahontan Basin 
LOWER COLORADO REGION 


Carson City, Nevada 


Burton J. Simpson 


Regional Office 


Boulder City, Nevada 


Stanley E. Foster 


Yuma 


Yuma, Arizona 


Wesley A. Farley 


Salt River Valley 
Water Users 
Association 


Phoenix, Arizona 


John D. Bayles 
Leland K. Bervin 


Arizona Projects 

Office 
Arizoita Projects 

Office 


Phoenix, Arizona 
phoenix, Arizona 
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LOWER COLORADO REGION - Continued- 
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Jesus B.Esplnoza 
Eugene U. Keeler 
James Ki Swapp 

torn Beeston 

Allen R. Gates 
Shannon L* Hebb 

Edgar G. Ess linger 
Walter t. Sanchez 
Leon E. Youd 



David 0. Allen 
Mac Baccus 
J, P. Bartley 
Orlando R* Pacheco 

Warren D. Berggren 
Donald D. La Rue 
Paul B. Larimore 

Kenneth C. Hoyt 

David E. Sims 

Elmer D. Swart s 



John W. Chapman 
Charles W. Davis 
John M, Williams 

John E. Crist 



Theodore M. Chancellor 
Kenneth R. Kiel 

Wilson C. Bevington 
Donald A. Charpentier 
David J. Davidson 



Arizona Projects 

Office 
Arizona Projects 

Office 
Arizona Projects 

Office 

UPPER COLORADO REGION 

Regional Office 

Grand Junction 
Grand Junction 



Central Utah 
Central Utah 
Central Utah 

SOUTHWEST REGION 

Regional Office 
Regional Office 
Regional Office 
Regional Office 

Mountain Park 
Mountain Park 
Mountain Park 

Navajo Indian 

Irrigation 
Navajo Indian 

Irrigation 
Navajo Indian 

Irrigation 

Palmetto Bend 
Palmetto Bend 
Palmetto Bend 

Weslaco, Texas 

UPPEk MISSOURI REGION 

Missouri-Oahe 
Missouri*Oahe 

Missouri-Souris 
Missouri-Souris 
Missouri^Souris 



PhoeniX) Arizona 
Phoenix, Arizona 
Phoenix I Arizona 

Salt Lake Ci ty , Utah 

Grand Junction, Colorado 
Grand Junction, Colorado 

Duchesne, Utah 
Duchesne, Utah 
Duchesne, Utah 



Amari Ho, Texas 

AmariUo, Texas 

AmariUo, Texas 

AmariUo, Texas 

Altus , Oklahoma 
Altus, Oklahoma 
Altus , Oklahoma 

Farmington, New Mexico 

Farming ton. New Mexico 

Farmington, New Mexico 



Edna, Texas 
Edna, Texas 
Edna, Texas 

Weslaco, Texas 



Huron, South Dakota 
Huron, South Dakota 

Bismarck, North Dakota 
Bismarck, North Dakota 
Bismarck, North Dakota 



UPPER MISSOURI REGION - Continued 



Harold L. Field 
Morris Pattyn 

Russell E« Childers 



Verlyn Sal ad en 

Stanley A* Gardner 
Donald W. Stackhouse 

James B» Klrcher 



Riverton 
Riverton 

Canyon Ferry 
Dust Abatement 
Program 

LOWER MISSOURI REGION 

Regional Office 

Pry ingpan- Arkansas 
Fry ingpan- Arkansas 

Cheyenne 
Construction Office 



Riverton, Wyoming 
River ton, Wyoming 

Gr ea t Fal 1 s , Montana 



Denver, Colorado 

Salida, Colorado 
Salida, Colorado 

Cheyenne, Wyoming 



Edward Dlekmann 

Stephen C. Cowgill 
Jerry D, Gilbert 



ENGINEERING AND RESEARCH CENTER 
Denver, Colorado 

Hydraulic Structures Branch 

Geology and Geotechnology Branch 
Geology and Geo techno logy Branch 



Kleth L, Christiai.sen 
Ronald D« Mohr 



Structural and Architectural Branch 
Structural and Architectural Branch 



Charlotte A. Bechtold 



Applied Sciences Branch 
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CONSTRUCTION CONTROL INTRODUCTION 

A# Introduction 

K Types of Laboratories 

!• Typo C - Large 

2^ Type B - Medium 

3. Type A - Small 

(1) Stationary 

(2) Mobile 

4. Vehicle 

5. Combinations of types of laboratories 
C« Laboratory Equipment 

1. Calibration 

2. Care and maintenance 

3. Use 

Study references: Earth Manual 

Laboratories pages 187«190 

Laboratory equipment pages 400-408 



Outline No» 2 

FUpAMENTAL DEFINITIONS 

Introduction 
!• Purpose 

2. Test procedures to be covered 
a* Field density 
Lab compaction 

c. Standard properties 

d. Permeability and settlenent 
e» Rapid coropaction control 

Field Density 

U Designation E-24> page 582 
2, Density calculations 
Laboratory Coiupaction 

It Proctor compaction (cohesive soils). Designation E-U, 
page 455 

a» Density calculations 

b. Penetration needle calculations 

2. Relative density (cohesionless yolls), Designation E-12, 
page 467 

a^ Miminum density calculations 
b* Maximum density calculations 
Ct Relative density calculations 
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standard Properties 

U Sample preparations, Designation E-S, page 408 

2. Gradation analysis, Designation E-6, page 414 
a» Sieve analysis calculations 

b* Hydrometer analysis calculations 

3. Soil consistency tests, Designation E-7, page 426 

a. Liquid limit 

b. Plastic limit 

c. Shrinkage limit 

d. Moisture content calculations 

4. Specific gravity. Designation H-10, page 442 

a. Apparent specific gravity calculations 

b. Bulk specific gravity calculations 
Permeability and Settlement 

!• Soils passing No. 4 sieve. Designation B-13, page 474j 
2* Soils containing gravel, Designation E-14, page 489 
3. Coefficient of permeability and settlement calculations 
Pxapid Compaction Control 

1. Designation E-25, page 591 

2. Calculations 
Siunmary 
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Outline No. 3 

FIELD AND LABORATORY TEST PROCEDURES 
FIELD DENSITY TEST 
(Designation D-24, Earth Manual) 

I • Introduction 

A. Replacement methods 

B. Definition 

C. Uses of test 

1. Construction control 

2. Investigation work 

D. Equipment 

1# General equipment 

2, Specific equipment - demonstration 

3. Discussion of errors (replacement methods) 
11. Test Procedure (USBR Method) 

A. Preparation for test 
U Equipment 

2. Control of minus Nq, 4 (fine-grained soils containing 
little or no gravel) 

3. Control of minus 3-inch soils (containing appreciable 
gravel) 

4. Calibration procedure - demonstration 

B. Field procedure 

1. Selection of test site 

2. Preparation of area 

3. Placement of template 

4. Excavation of test hole 

Q 5. Measurement of volume of hole 

ERIC 
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C, Laboratory procedure ^ cohesive soils (see Earth Manuali 
page S86> or Drawing 

p, Uboratory procedure - 

III, Demonstration of Special Equipment 

A. Speedy noisture meter 

B* Nuclear moisture • density equipment 

IV ♦ Practical Exercise 

A. Discussion of data sheets 

I. 7-1425 Field Density Record 

2» 7*1657 Calibration of Sand Density Test Apparatus and 
Density Sand 

B» Calibration of density sand - class 

C. Sample calculations - field density tests 

V, Summary 

Study references: The following references are found in the Earth 

Manual, Revised Edit ion > 1968# 

1. Designation E-24, Field Density Test Pro- 
cedure, pages 582-591 

2. Chapter III, Control of Construction, 
pages 248-251, page 300 

3. Practice Problem Handouts 
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FIELD AND LABORATORY TEST PROCEDURES 
COMPACTION, REUTIVE DENSITY 

Introduction - Compaction 

i; Origin r\\:\ y^' : :\:\[.''^':.., 

2* Summary of compaction standards 

a. ASTM 

b. AASHO - Standard 

c. AASHO - Modified 

d. Corps of Engineers « Modified (airfields) 

e. USBR - Large scale 

f. USBR * Standard 

3, Specifications of equipment 
a/ Equipment (calibration) 

(1) Hand equipment 

(2) Mechanical compactors 
b. Soil 

4, Test procedure 

a. Mechanics of the test 

b. Moisture determination 

(1) 16 hours at 110^ C± 

(2) Size sample 

c. Computation and plotting 

d. Source of error 
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5. Penetration resistance 

a« Use of the penetrometer 
b» Source of error 

c. Value of the penetration resistance curve 

6. Zero air voids curve 

a. Significance of the curve 

b. Computations - Zero air voids curve 

7. Materials adaptable to compaction 

a. Processing 

b. Types cf curves to expect 

8. Value of the compaction test 
B. Introduction - Relative Density 

1. Origin 

2. Specifications 

a. Equipment 

b. Materials 

3. Test procedure 

a. Minimum density 

b. Maximum density 

■ > 

4. Calculations and u^e of nomograph 

5. Value of relative density test 

Study references: Earth Minual, Designation E-11, Proctor 

Compaction Test, pages 455-467; Earth 
Manual, ; Designation n-12. Relative Density 
of Coheiionless Soils, pages 467-474 
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Outline No* 5 



LABORATORY TEST PROCEDURES 
SAMPLE PREPARATIONi GRADATIOK^ 
AHERBERG LIMITS, SPECIFIC GRAVITY 

!• Presentation 

A* Introduction 

B. Sample preparation 

1« Visual inspection and classification 
2* Synthetic gradation analysis 
3| Preparation of composite samples 

C. Gradation test 

1* Purpose and definition of terms 

2k Separation of No. 4 sieve 

3/ Hydrometer analysis (minus No« 4 material) 

4. Mechanical analysis 

5. Computation and plotting 

6. Interpretation of test results 

D. Atterberg limits test 

1. Purpose and definition of terms 

2. Sample preparation 

3. Liquid limit 

a« One-point method 

4. Plastic limit 

5. Plasticity index 

6. Shrinkage limit 

7. Interpretation of test results 

O 

ERIC 



specific gravity test 

1* Purpose and definition of terms 

2# Sample preparation 

$• Test procedure for minus No « 4 material 

4* Test procedure for plus No* 4 material 

II. Review 

A. Answer Student questions 

B# Summarize main topics 

Study references: Earth Manual, Designation E-*S» Preparation 

of Soil Samples for Testing, pages 408-414; 
Desighation Gradation Analysis of Soils, 
pages 414-*426; Designation B«7v Soil Consist- 
ency Tests, pages 426-437; Designation E-10, 
Specific Gravity of Soils, Aggregate, 
pages 442-4S3 
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Outline No. 6 

/ ■ . . . 



FIELD AND LABORATORY TEST PROCEDURES 
PERMEABILITY AND SETTLEMENT OF SOILS 

;.';..:K..:-.;;/; / 

A> T>T)es of perweability tests 
^^^.^^^^^^^^^^^^ - B* Purpose of test 

1. Determination of coefficient of permeability 

2. Determination of percent consolidation 
C. Principle 

1, Darcy*s Law 

2, Ranges of permeability 

3, Standard overburden loads 
II. Test Procedure > Standard Test 

A, Apparatus 

1. Equipment 

2. Calibration of constant-^head tank 

B, Preparation of sample 

1. Data needed before test 

2, Moisture 

C, Placing of specimen 

1. Check preparation sheet and compute data for packing 

2. Check equipment 

3, Ring readings 

4, Placing specimen 
$• No-load readings 
6, Loading 

ERIC 



Application of water to sample 
1# Procedure 
2/ Readings 
B. Sample removal 

!• Final readings (loaded) 
2. Rebound 

3# Penetration resistance needle test 
4, Moisture 
III. Test Results 

A. Calculations 

U Coefficient of permeability 
2. Settlement due to saturation 

B. Sources of error 

. V ' ' ' 

1. Piping 

2. Entrapped air and foreign matter 

3. Temperature 

4. Permeability of apparatus 

5. Validity of Darcy^s Law 

C. Reporting results in L-29 report 
IV, Other Laboratory Permeability Tests 

A. Undisturbed samples 

Nonloaded soil specimens 
C, Soils containing gravel 

ERIC 



study references; All of the references below are contained in 

the Earth Manual: 

Chapter I, Section 21, pages 60-65, Per- 
meability} Chapter III, Section 62, 
pages 218-220, Permeability; Designation 
E-13, pages 474-489, Permeability and 
Settlement of Soils; Designation E-14, 
pages 489-492, Permeability and Settlement 
of Soils Containing Gravel 
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Outline Not 7 



FIELD AND lABORATORY TEST PROCEDURES 
RAPID COMPACTION CONTROL 

Introduction 

!• Provides a means of construction control for fine-grained 
aoiU which is accurate and can nomaUy be performed in 
1 to 2 hours* 

a. Density control • degree of compaction (percent of 
maximum dry density) is precisely determined* 

b* Moisture control * difference from optimum is' deter-* 
mined to a satisfactory degree of accuracy* 

2. Density and moisture conditions must be compared to stand* 
ards to confirm that the field conditions are similar to 
those assumed during design* 

Theory 

1* Dry density determination based on oven moisture determi- 
nation which requires 16 to 24 hours* 

2. Rapid method control based on relating all densities to 
the wet density at fill water content* 

3* Red line corrections for moisture control based on mois<- 
ture and density characteristics of average soils* These 
corrections are necessary since water contents added are 
based on wet weights rather than dry weights* 

Practice Problems 

1* Symbols 

Fill wet density (pcf) yWf 

Cylinder wet density (pcf) yw^ 

Maximum density point of converted wet density curve 
(pcf) vm 

Fill water content (%) 

Optimum water content (%) w^ 
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Ratio of fill dry density to maxiniura laboratory dry 
density (Degree of Compaction) D 



Ratio of fill dry density to cylinder dry density at 
sane water content C 

Difference between optimum water content and fill water 
content Wq-W£ 

2, Outline of problem method 

a* Perform fill density test and screen material through 
No, 4 sieve to find fill wet density (yWf), 

b. Contract material at fiU water content by standard 
laboratory test procedure to find cylinder wet 
density at fill water content (yw^), 

c. Add 2 percent water to sample of material at fill 
water content/ compact by laboratory test procedure « 
Divide wet density by 1,02 (1 + water added expressed 
as a decimal) to find density at fill water content. 

d. If second point has higher converted wet density, 
add 4 percent water and proceed as in (c). Divide 
by 1,04 to obtain converted wet density, 

e. If second point has lower converted wet density, allow 
material at fill water content to dry until it has lost 
2 percent water. Compact and convert to density at 
fill water content. Divide by0,98 to obtain converted 
wet density, i 

f. Three points are sufficient if left and right points 
have lower converted wet densities than center point » 
Use Y2-Y^ method, 

g. If second point has lower converted wet density than 
point at fill water content but is within 3 pcf, add 

1 percent water to soil at fill water content, compact 
and convert to density at fill water content. Use 
Yj-Y2 method, 

3, Example problems 

a. Chart methods 

(1) Y2-Y4 method used with even 2 percent moisture 
spread. Letter points from left A, B, and C, 
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Values in chart give ordinates of the maximum 
density point of the converted vet density curve 
from Point A. 

(2) Y1-Y2 ''^©th^d used wUh even 1 percent moisture 
spread (eliminates need for drying uack if con* 
verted wet density of point with 2 percent added 
water is lower in density but within 3 pcf of 
point at fill water content) • 

Number pointy in order in which they were 
run (i.e., Point (1) at fill water content. 
Point (2) with 2 percent water added/ 
Point (3) with 1 percent water added). 

Values in chart give ordinates of the max* 
imum density point of the converted wet 
density curve from Point (I). 

If the ratio of Y1/Y2 is greater than 0,38 
or if the Zm obtained from the chart is less 
than *1«0, this method is not considered 
applicable* In that case, a dry back point 
should be obtained and the problem solved 
by Y2-Y4 method. 

b. Graphical methods - outlined on cover sheet 

(1) Can be used on all problems but is more time* 
consuming than chart methods. 

(2) Must be used if uneven moisture spread is obtained. 

c. Both chart and graphical parabola methods assume that 
the compaction curve can be approximated by a parabola 
whose axis is vertical. 



(a) 

(b) 
(c) 
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4. Calculations 

a* Rapid control method 

Fill wet density (vWf) 

^ ■ Cylinder wet density of material 
at fill water content (yw^) 

^ ^ Pill wet density (yw£) 

Maxiimia density point of converted 
wet density curve (ym) 

w^-Wf « Added water at Point A ♦ red line correction 

b. For record purposes after fill water content has been 
determined W£ fill water content expressed as a 
decimal (e.g*V 10% ■> .lO) 

Fill dry density H Fill wet density (yw£/(14W£) 

Maxin^um density point of converted 

, , , ' wet density curve (y») 

Lab max dry density « , ^^^^^y ■ ■■■■■ ■■■ 

Cylinder wet density of material 
at fill water content (yw^) 
Cylinder dry density » ■ > ■ ■ ■ n^w^v ' ' ' ■ ' 



Optimum water content « W£ -t- (14W£) (added water at 

maximum density point) 

S* Class exercise 

a* Test apparatus 

b* Rapid compaction test 

c. Computations and discussion 

Study references: Earth Manual, Designation E-25, pages 591-613 

Engineering Monograph No, 26 
Practice Problems Handout 
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Outline No> 8 



CONSTRUCTION CONTROL - EARTH DAMS 

A# Introduction 

1. Importance of construction control 

2* Control related to Investigation and design 
3* Comparison of soils with other construction materials 
4t History of earthwork control 
S* The modem concept 
B* Foundations 
It Types 

2t Control of treatment 

3* Dewatering 
C* Impervious Zones (Rolled Earthfill) 

1* Criteria of satisfactory impervious zones 

2* Control features of each criterion 

3t Moisture and density control 

4» Types and frequency of tests 
D* Compacted Pervious Zones 

It Criteria of satisfactory pervious zones 

2. Control features of each criterion 
3* Moisture and density control 

4t Types and frequency of tests 
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B. Riprap and Rockfill 

1. Criteria of satisfactory riprap and rockfill 

2. Control features of each criterion 
F. Sianmary 

Study reference: Earth Manuali Chapter III, Parts A, C, D 
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Outline No« 9 

CONSTRUCTION CONTROL - EARTH DAMS 
QUALITY CONTROL 

A, Reporting Tests 
1* Fonos 

2. Reports 

B, Analysis of Field Control Tests 
1* Design recommendations 

2. Summary of quality control. 
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Outline No t 10 

EARTH DAM INSTRUMENTATION 
A. Types of Instruments and their Purpose 

1» Pressure measurement apparatus - pore water pressure 
a» Dams 
b. Structures 

2. Internal movement apparatus 
a« Vertical movement devices 
b« Horizontal movraent devices 

c« Foundation settlement^ baseplate devices 

3. Surface measurement points 
a* Embankments 

b. Structures 
c« Land movements 

4. Seismic apparatus 
a« Accelerographs 

b« Seismic - seismographs 
B» Description of Apparatus 

1. Twin-tube piezometers 

2. Porous-tube piezometers 

3« Internal movememt apparatus 

a. Vertical movement (crossarm) devices 

b# Horizontal movement devices 
4, Foundation settlement (baseplate) devices 
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$• Measurement pointy 

a. Embankments ■ 

b# Structures 
6/ Seismic 

a. Accelerographs and seismographs 
C. Materials for Instrument Installations 

1, Purchase by Government for Government installation 

2, Purchase by Government for contractor's installation 

3, Purchase and installation by contractor 
Installation of equipment by 

1, Government forces 

2. Contract specifications 
a* Prime contract 

b. Special contract or extra work order 

c. Supplemental contract 

E« Reports Required on Installations 

1. During construction « progress report - monthly • L-IS 

2. At completion of construction L-16 

3. At scheduled intervals - periodic L-23 
F* Quality of Data Obtained 

!• Care during installation 

2. Maintenance of recording apparatus 

3. Possible failure of equipment 
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Gt' Ponns Used for Reporting Data on Instrument Installations 

1. 7-1346, 7-1347, 7-1348, 7-13SS, 7-1355A, 7-1359, 7-1600, 
and special forms 

H« Suggestions for Improving Apparatus 

1« Field reports on malfunction of equipment 

2t Field suggestions for design changes 

3/ Awards 

Study referencea: Earth Manual, pages 258*264, Designations E-27 

to B-35 ; 
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Outline No; 11 



EARTH DAM INSTRUMENTS - APPLICATION OF DATA 
I, Why Instrumentation? 

A. Verify design assumptions 

B. Monitor structure for potentially dangerous conditions 
II, Instruments and Information 

A. Movements 

1. Internal vertical movement (crossarm) device 

2. Internal horizontal movement device 

3. Surface measurement points 

4. Deflectometer 

5. Foundation settlement baseplate 

B. Pressures 

U Twin-tube piezometers 

2. Porous-tube piezometer 

3. Standpipe 
C* Seepage 

!• Flow-measurement devices 

2. Reservoir level gage 

3, Pressure measurement devices in B 
D. Earthquake effects 

III, ExampltiS of Applications 
IV» Data Collection (more than filling out forms) 
V, Summary 
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Outline No, 12 

i 

SPECIAL LABORATORY TESTS 

A. Introduction 

Tlie special tests of the laboratory are described to acquaint 
the field personnel with the facilities of the laboratory and 
how the materials sent from the field are studied. 

B. Consolidation Test 

1. Purpose and use in undisturbed soils and in disturbed soils 
24 General discussion of the principle 

a. Load • consolidation 

b. Time - consolidation 

3* Sample preparation and equipment operation 

4« Results obtained 

5* Permeability testing 

6. Use for expansion determination 

C. Shear Tests 

U Purpose and use in undisturbed soils and in disturbed soils 

2. General discussion of the principle 

3. Equipment available and types of tests 

a. Equipment: small ^ medium, and large 

b. Special features of the equipment 

c. Unconfined compression test 

d. Adaptations of standard shear tests with comments on 
the purpose 
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D» Earthquake Test 

U Purpose of test and applications 

2. Equipment and operation 

3* Evaluation of results 
Study references: Earth Manual, Designation B*1S 
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Outline No. 13 



CONSTRUCTION CONTROL - CANALS 
AND MISCELLANEOUS STRUCTURES 

Note : All references are to pages in the Earth Manual. 

A. Introduction - Ref* Part pages 212-228 and Parts E and 

pages 274«325« 

Purpose of this lecture is to discuss basic techniques and 
fundamentals for examining and controlling quality in founda- 
tions and miscellaneous earth structures. 

B. Basic soil types and problems concerning foundationis (Refer- 
ence: ^'Engineering Use Char t/^ Figure 8, page 23). 

1. Clays - (1) firm consolidated, (2) compressibUi 
(3) expansive 

2. Silts and low plasticity clays « (1) low density and 
(2) dense 

3. Sands and coarse-grained soils - (1) denseness and 

(2) permeability 

4. Rock and formation material 

C. Inspection of Foundations 

1. Methods of Inspection and engineering guidelines 

2. Protection against disturbance 

3. Awareness of foundation discontinuities 

4. Effect of saturation - (1) collapse, (2) expansion, 

(3) strength loss 

5. Seepage and piping 

6. Piles and caisson foundations 

D. Considerations for Canal Subsoils 

1. Seepage 

2. Erosion 

3. Ground water 
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Consideration for Pipeline Subgrades 
Control Criteria of Special Interest 

1. Expansive clay - Reference: pages 226-227 

Discussion of Table 3, page 227 

2. Collapsing soil * Reference: pages 222-*226 
a* Discussion of Figure 62» page 225 

New chart of density versus liquid limit 

3« Other uses of the density versus liquid limit chart 

a» Trends of recompacted soil 

b* Soft saturated and sensitive soils 

Co Experience with expansive soil - New ideas of 
con<;rolling by moisture content 

4. Criterion for selecting well-graded backfill 
(References: Figure 103, page 293). 

a« Variations of fines 

b. Variations described in ASTM; D 1241 and our use 
for surfacings and subbase» 

5. Recommended relative densitiy limiting requirements for 
granular material (Reference: page 313), 

6» Discussion of pile-driving formulas and estinf^ting length 
from penetration resistance test (Reference: pages 316-318) 

7. Comment of frost action limitations (Reference: page 69), 

8. Guideline for use of relative density control versus 
Proctor compaction. Also these guidelines are related to 
vibratory compaction as opposed to roller compaction 
(Reference: page 321 and Table pages 287-291). 

9. Latest criteria for canal cross section (Reference: Fig- 
ure 100, pages 280-281). 

10. New chart for recommendations of desirable earth canal 
lining material. 
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Outline No. 14 

CONSTRUCTION CONTROL - FIELD 
LABORATORIES AND REPORTS 

A, Introduction - Inspection (Ref. Art 49 » page 185) 

Discuss intent of this lecture. 

B» Field review of field laboratories and why they are made. 
Annual report of field laboratory survey. 

1« Basic information furnished 

2. Special instructions regarding formjs 

3» What is done with the report 

C. Construction Control Reports (Ref. Art SI, page 190) 
1. Purpose 

2» Scope of reports (Ref. Reclamation Instructioni Part 17S, 
"Records of Construction and Structural Behavior, Chapter 1, 
Periodic Reports," Paragraph 175. 1, 12) 

a. Narrative • What is wanted. 

b. Summary of control data 

(1) Form 7-1581A - Consolidated Earthwork Relative 
density) 

(2) Form 7-1581B • Consolidated Earthwork (Proctor 
ccf'paction) 

(3) Form 7-1737 - Compacted soil-cement 

D. Type of Compaction Specifications 

1. Method ^ Review Table S, page 287 

2. Performance 
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What We Do With Control Reports 
1. Initial review of U29 reports 
2» Monthly summary 

3. Followup inquiries 

4. Guidelines of testing frequency requirements and reworked 
tests (refer to page 300) 
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Outline NOt IS 



CONSTRUCTION CONTROL -FILTERS 

A. Purpose of filters Is to relieve seepage pressures In soil 
foundations and structures and carry off detrimental water. 

B. Uses of filters are: (a) pervious blankets or drains under 
canal linings, splllwaySi or dan aprons; (b) intercepting or 
subsurface drains; (c) toe drains in earth dans or levees; 
and (d) weighted filters on critical areas subject to seepage 
pressures. 

C. Component part s> are base materials (foundation soils) , one or 
more pervious f^llter layers with or without open- jointed or 
perforated pipe. 

D* Ceneral requirements are that voids* In filter be sufficiently 
small to prevent penetration by base Mterial but sufficiently 
large and interconnected to readily transmit seepage water* 
Pipe joints or perforations small enough to prevent Infiltration 
of filter material. 

E. Filter criteria are based on results of laboratory filtration, 
tests on typical base and filter materials. USBR filter tests 
(including preliminary tests on crushed rock) described in 
report in EM-42S (1955). 

F. Selection of filter material is based primarily on grading of 
filter material in relation to grading of base material. For 
this purpose certain percent sizes are established for use in 
controlling the grading of the filter material within limits 
on these sizes. 

G. As an example of a ^Iven percent size the 50 percent size is 
shown on the standard gradation test sheet as the particle 
size (abscissa), corresponding to the point where the grading 
curve Intersects the SO percent finer line of the ordinate. 

It is the size in a soil sainple such that 50 percent by weight 
of the sample contains larger particles and 50 percent contains 
smaller particles. 
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H. USER Filter Test Criteria 
!• General 

a. The maximum size of material should be 3 inches* 

b. Not more than S percent should pass the No/ 200 sieve « 

c« For base materials containing more than 10 percent plus 
No, 4 and more than 10 percent of minus No/ 200 material/ 
the filter grading should be selected on the basis of the 
minus Nog 4 fraction of the base material. 

d* The maximum size of pipe openings or perforations should 
be one^half the 85*percent site of the adjacent filter 
material. 

2, . Natural subrounded materials 

For uniform grain size filter material 

SOV size of filter material - ,^ 
50% size of base material " ^ 

For graded filter materials 

5 0% size of filter material ^ ,^ . -o 
m size of base material " " 

and 

15 % size of filter material ,^ 
15% size of base material * to 40 

3, Crushed rock (tentative criteria) 

50% si ze of filter materia l « ^.^ *a 
56% size of base material ' • 9 ^o 30 



and 



15% siz e of filter material ^ ^ 
1S% size of base material " 
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I. Construction Recomawdatlons 

1. Base material should be lightly compacted and all holes 
fined. 

2. Segregation of filter material should be nlnlmlied by 
moistening and careful placement procedures, 

3. Filter materials should be compacted, 

4. Infiltration of filter material into drainpipe during 
filter placement should be prevented. 

Study reference: Earth Manual, pages 322-325 
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Outline No, 16 



SOIL-CEMENT SLOPE PROTECTION 

A. Used as slope protection on earth dams as a substitute for 
rock riprap 

1. Cost of slope protection can be less with soil-cement sinc6 
rock is scarce and costly in some areas. 

2. Use of soil-cement Should be investigated If rock Is more 
than 20 miles away/ 

3. Local soils can normally be utilized with the addition of 
8 to 14 percent cement by dry wfeight of soil, 

B. Historical Background. - Soil-cement had been used extensively 
in highway work for years, 

1. Bonny Test Section using two soils was constructed in 1951* 

a. Mixed-in'^place construction procedures were used. 

b. Soil-cement was placed in horizontal layers in a stair- 
step fashion up the slope. 

2, Eight major Bureau of Reclamation structures have been faced 
with soil-cement since 1963 using a total of 670,000 cubic 
yards of soil-cement. 

3. In addition, the Portland Cement Association lists 62 other 
structures faced with soil-cement. Volumes of these facings 
range from 1^000 to 250,000 cubic yards. 

4, Bid prices range from $5 to $12 cubic yard with most of the 
bids in the $6 to $9 per cubic yard range, 

C. Material and Cement Content Selection 

1. Gradation. - Preferred gradation is fairly well graded* 

a. Well-graded materials require less cement. 

b. Durability of individual grains checked by less violent 
dispersion action. 

c. Deposits which contain lenses of clay should be avoided. 
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2. Compaction* - Material should coit^pact to dense mass, 

a. Significant increase of density at increase of cement* 
content may indicate use of cement to fill voids, 

b. Compaction test is used as a basis for placing test 
specimens. 

3« Durability Tests. - Used to evaluate resistance of soil«- 
cement to weathering - ASTM test procedures, 

a. Specimens are placed similar to compaction tests, 
using 0,053-cubic-foot mold, 

b. Specimens are used for 7 days at 100 percent humidity 
and 70 • P (fog room curing), 

c. Wet-dry tests are wetted for 5 hours and dried at 
160^ F for 45 hours, 

d. Free2e-thav tests are frozen 24 hours, thawed in fog 
room for 24 hours, 

e. Specimens are brushed with wire brush after each cycle 
and a total of 12 cycles are performed. Total loss is 
expressed as a percentage, 

f. Design criteria. - 6 percent max loss for wet-dry tests 
and 8 percent for freeze- thaw tests, 

4, Compressive Strength Tests, - Used mainly as an indirect 
measure of equality. 

a. Specimens are placed in 2.83- by 5,67-inch molds, 3-, 7-, 
28- > and 90-day tests, 

b. Specimens are cured in fog room with 4- to 24-hour soak- 
ing period in water before testing, 

c. Ends are capped with sulfur and tested at a rate of 
20 psi/sec, 

d. Design criteria, - 600 psi minimum for 7-day specimens, 
875 psi minimum for 28-day specimens. 
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S, Compaction, Wator Content/ and Time Delay Effects 

a. Increase of density usually increases quality. 

b. Highest quality is usually obtained from 2 percent dry 
to optimuiti water content. 

c. Due to cement-^water reaction, quality decreases with 
time delays; delays of 1 to 2 hours are usually not too 
critical. 

Construction Procedures 

1. Material must be excavated and stockpiled in such a fashion 
that a consistent material is fed to the mixer. 

2. Soil and cement must be proportioned correctly prior to 
mixing* 

a. Reciprocating plate feeder has been the most successful 
device for soil feed. 

b. Surge hopper with vane feeder is used to proportion the 
cement, 

c. Both devices must be calibrated at start of construc^on 
and checked occasionally. 

d. Soil and cement are mixed with pugmill mixer and suffi- 
cient water is added during the mixing to bring the 
i3oil*cemont to the desired water content. 

3. Mixed soil-cement is transported to the placement area with 
trucks. 

a. SoiUcement is spread to a uniform loose lift with dozer 
mounted spreader. 

b. Thirty-minute time limit from mixer to spreader on fill. 

c. Approach ramps must be adequate to protect previous 
layers. 

d. Slope of up to 8:1 on placement is permitted to increase 
working width. 
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4. Material is compacted with a combination of sheepsfoot and 
pneumatic-tired rolling, 

a. Lower portion of lift is compacted with sheepsfoot 

roller. Roller weight is adjusted until it begins to 
walk out. 

b» Upper portion of lift is compacted with pneumatic-tired 

roller. Roller weight is adjusted until it does not 

cause significant lateral movement of the soil-cement. 

c. Tine limits between each operation are 30 minutes^ 

S« Curing is usually accomplished by sprinkling. 

a. Use of excessive water may bo detrimental. 

b. Water should be applied in a fine fog-type spray. 

c* Smooth compaction plane is removed by brooming and 
brooming is usually repeated to clean lift for next 
layer. 

Construction Control Procedures 

1. Gradation, specific gravity, and Atterberg limits tests are 
run on soil. 

2. Soil and cement feed are calibrated by timing feeds 
separately. 

a. Soil feed is checked by timing truckload during produc- 
tion and using cement feed calibration to determine soil 
weight. 

b. Cement feed is usually quite consistent in a well 
designed plant. 

c. Moisture contents are determined by "quick" methods 
during calibration. 

3. Sample of soil-cement is obtained prior to compaction. 

a. Laboratory compaction is performed at about the same 
time as compaction on the placement to account for time 
dependency of soil-cement. 
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b. Fill density test is performed as soon as possible 
after compaction near the spot from which soil was 
taken. 

c# Unconfined compression specimens placed to density 
found in fill density test, 

d. One test for every 500 cubic yards placed. 

4. Chemical cement content determinations can be made if soil 
source is low in calcium. 

St Construction control data is reported on Form No. 7-1737. 

Record Coring 

1. One core hole for every 5,000 cubic yards. 

a. Unconfined compression and durability tests performed 
on representative pieces. 

bt Comparisons with data from design tests indicate whether 
material meets design requirements. 

c. Core holes usually filled with grouted anchor bar to 
provide quick reference for future inspections. 

Portland Cement Association film "Soil-Cement Slope Protection 
for Earth Dams.** 
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Outline No* 17 



PLASTIC SOIL-CE^tENT PIPE BEDDING 

I, Introduction 

A» PArst used by Bureau of Reclamation on Canadian River 
Project, 

B. Conclusions of research done by American Pjli>e and 
Construction Company, 

U The soil-cement backfill should be used only if the 
soil can give adequate support for the pipe and trench 
backfill. 

2. The cradle trench and soil-cement backfill eliminate 
larjfo quantities of excavation and recompactlon* 

3. The soil-cement backfill provides uniform transfer of 
load to the soil foundation, 

4t The most suitable soil types for soiUcement are sands 
and silty sand, 

S, The total water requirement is a function of the per- 
cent fines and grain-size distribution within the 
material being used. 

6« Cement requirements should be based on strength and 
durability requirements for the bedding, 

7, Seven-day compressive strengths of SO-psi minimum can 
normally be obtained with 2 to 3 sacks of cement for 
each cubic yard of bedding material, 

8, Cement and water should be premixed before adding to 
the soil, 

9, A noncohesive soil can be mixed satisfactorily in a 
drum-type mixer, 

II, Comparison of Bedding Methods and Materials Used 

A, Conventional Bedding 

1, Trench excavated to bottom of pipe 
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2* Material placed around pipe to specified depth 

a* Consolidated to 70 percent relative density 
for free-draining material 

b. Compacted to 95 percent of Proctor maximum 
dry density for fine-f^ralned material 

3. This method often requires considerable labor. 

Plastic Soil-cement Pipe Bedding 

1. Trench excavated to depth corresponding to top of 
bedding - springllne elevation. (Depth of bedding 
depends on design of pipe.) 

2. Remainder of trench Is excavated as semicircular 
section 4 to 6 Inches greater In diameter than the 
outside diameter of the pipe* 

3. Pipe sections are supported about 2 inches above 
the trench bottom on sand pads. 

4. Annular space filled with plastic soil-cement. 

5. This method eliminates the excavation and recompactlon 
of the block of material between the springllne and 
bottom of the pipe. It also Is a fairly mechanized 
procedure. 

6. Material and cement content selection 

a. Unconfined strength must be high enough to trans- 
fer pipe load to foundation (50-psl minimum 
usually desired). ^ 

b. After placement and initial set, volume change 
should be fairly small. 

c. After set, material should be durable through 
moisture changes. 

d. Sandy materials with less than 10 percent fines 
are usually suitable with about 10 percent cement 
by weight. 

e. Strengths over 500 psl are not desirable as bedding 
might alter shape of pipe. 
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HI. Field Test Section 

A, Installation, - Four sections of pipe installed using 
four different soils for bedding material, Hach soil 
had 2-1/2 sacks of cement per cubic yard, 

1# Mortar sand • fairly welKgraded material with 
8-1/2 percent cement by weight, 

2, Blow sands - uniform fine sands with 10 percent 
cement by weight, 

3, Blow sands * uniform fine sands with 10 percent 
cement by weight, 

4, Lean clay - medium plasticity fine-grained material 
with 11-1/2 percent cement by weight, 

B, Curing, - Pipe sections left in place 7 days, 

C, Measurements and Observations of Exposed Bedding 
Materials, 

1, Changes of diameter after exposure were small, 

2, Bxposed bedding showed that good contact had been 
obtained, 

3, All materials seemed to perform well but lab testing 
showed clay material was not durable, 

IV • Construction Control 

A, Gradation, - Percentage fines and organic material con- 
trolling factors, 

1, Maximum of 10 percent fines usually specified, 

B, Compressive Strength, - Adequate compressive strength 
to insure firm support required, 

1, Companion compressive strength specimens should be 
formed for each 400 feet of pipe or at least twice 
per shift, 

a. Bedding ^material should be placed without 
consolidation, 

b. Tested after 7 days curing 
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2. Some specimens should be subjected to wet •dry cycles 
to determine whether they ore durable* 

C* Batching. • Batchihfi by weight preferred to. provide more 
consistent results. 

U Water-cement ratio maximum usually specified as 3,5. 

a. Water-cement ratio must be low enough to form a 
fluid which will maintain sand in suspension. 

2/ Fluidity of mix checked by timing flow from a special 
funnel. 

a. Funnel has 6 inches top diameter, 4-1/2 inches 
high with 11/16-inch opening. 

b. Flow time to empty funnel should be 5 to 8 seconds 
to insure that material can be pumped and will 
fill space completely. 

Summary 

A. Cost reduction possible due to amount of excavation and 
compaction which is eliminated. 

B. Should be used only if the in-place soils can give ade- 
quate support to the pipe. 
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Outline No. 18 

FHiLD INVESTIGATIONS - INTRODUCTION TO 
FOUNDATION REQUIREMENTS 

' • ■ ^ 

Note ; References are to pages in the Earth Manual • 

A. Introduction 

Discussion of soil mechanics in investigating foundations and 
the effect of foundation characteristics on the design of the 
structure. 

B. Basic Soil Mechanics Criteria for Analyses 

1# Settlement must be within allowable limits. 

2* Foundations must be safo against shear failure. 

3« Specialized hydraulic structures require limitations in 
permeability. 

C. Foundation Problems 

1. Exploration requirements— Reference: Figure 40, page 114; 
Figure 42, page 117. 

2. Bearing capacity - Reference: page 212. 

3. Stability - Reference: pages 213-216. 

4. Permeability - Reference: pages 218-220. 

D. Examples of Foundations With Respect to Soil Types. (Reference: 
pages 221*228.) 

K Clays 

a. Firm consolidated clsys 

b. Compressive clays 

c. Expansive clays 
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2* Silts and intonncdlate soils 
d« Lov«den$ity deposits 

b. Normal^ intermediate soil characteristics 
3« Sands and coarse*grained soils 

a« Importance of density 

b» Desirable effects of gravel 
4. Solid rock foundation 
E* Discussion of Criteria for Evaluating Penetration Resistance 
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Outline No> 19 



FIELD IWESTIGATIONS - RELATION TO PROJECT PLANNING 
A* Introduction 

1. Necessity for project Investigations 

2. Stages of investigation: Regional or basin planning! 
appraisal, feasibility I preconstructlon 

B. Project Plan Formulation - Multlobjectlve Planning 
l» Concepts of plans 

2» Alternatives 

3, Environmental consideiations 

• . . # 

4, Incremental analyses 

5, Evaluating Plans 

6. Cost Sharing and Repayment 

C. Earth Control Investigations 

1 . Dams 

a. Site-type relationships 

b« Foundations » materials » and seepage 

c. Spillway and other structural features 

2. Canals^ pipelines^ and drains 

a. Excavation materials 

b. Stability, hydraulics, seepage, and lining 

3, Tunnels 

a» Excavation materials and construction methods 
b. Pressures, support, lining 

4, Structures 

a« Foundations 
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D. Surveying and Mapping 

1, Control topography, strip topography, fly lines 

2, Uses; Land classification, layout, location of drill 
holes, etc* 

3, Use of modern USGS quad sheets 
4/ Force account versus contracts 

£• Explorations 

!• Exploration required for each level of investigations 

2, Force account versus contracts 

3. Methods of exploration 
a« Surface inspection 

b» Photo and remote sensor interpretation 
c* Pits and trenches 

d. Auger boring 

e. Drilling 

f. Geophysical methods - electric logging, resistivity, 
and seismic 

Study references: Earth Manual, Chapter 1, Properties of Sollsj 

Chapter II, Investigations 
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Outline No« 20 
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CLASSIFICATION AND LOGGING 
GEOLOGY AND ORIGIN OF SOILS 

A. Introductory Remarks 

U Tl\e broad range of geologic conditions covered by the term 
^*earth materials^'t or •'soilt'* 

2# The geological services of the Bureau^ 

B# Weathering and Erosional Processes 

€• Examples of Earth Materials and Geologic Environments Involved 
in Bureau Projects: Slide talk based on several projects - com- 
pleted/ under construction! or proposed - illustrating investi* 
gations and operations of borrows with various geologic 
bdckgrounds« 

D, Sources of geologic inforwation useful for earth materials 
exploration and testing* 

£♦ Summary 
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Outline No. 21 

CLASSIFICATION AND LOGGING 
GEOLOGIC LOGS OF DRILL HOLES 

A, Use of Geologic Data in Bngineering Operations 

Reporting of Data 

U Purpose 

2f Logs, sections, narrative 

3, Standard forms 

4, Ground<»water levels 

5, Soil classification symbols 
6» Depth of exploration holes 

?• Method of accomplishing exploration holes 
8, Physical description of material 
9» Name of material 
10. Miscellaneous 



ERIC 



60 



Outline Ko. 22 



FIKLD INVESTIGATIONS - FIELD TESTS 

A, Standard Field Penetration Test, Designation B-21, Earth Manual, 
page 574 

U Purpose of test 

2, Test procedure and requirements 

3. Results 

A. Use of data 

B, In-place Vane Shear Test, Designation E-20, Earth Manual, page 562 
!• 1 to 4 above 

C, Methods for Determining In-place Density and Moisture 
U Hand methods 

a. Undisturbed block. Designation E-2, Earth Manual, page 346 

b. Undisturbed cylinder. Designation E-2, Earth Manual, 
page 346 

c. Field density method. Designation E-24, Earth Manual, 
page 582 

d. Auger method, Designation E-23, Earth Manual, page 579 

2. Mechanical methods, Pc^tignation E-2, Earth Manual 
a. Thin-wall drive samplers 

Double-tube samplers 
c. Core samplers 

3. Nuclear method 

Study reference: Earth Manual, Designations E-2, 20, 21, 23, 24 
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Ou tline No « 23 

CLASSIFICATION AND UXSGING SOIL 
CUSSIFICATION • INTRODUCTION 

A« Introduction 

1« Unified system, differences from other standards 
2> Importance to engineers 
Soil Components 
!• Size 

a. Gravel (G) * 
Sand (S) 

c. Silt and clay (M and C) 

d. Organic (0) 

2. Gradation (W or P) 

3. Particle shape - Angularity 

4. Moisture 

C. Classification of Soils 

1, Field 

2. Laboratory 

D. Engineering Characteristics of Soil Components 

E. Soil Descriptions 

F» Engineering Comparisons of Soil Groups 
G. Summary 

Study reference: Earth Manual* pages 1-23, Designation E-3 
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Outline No. 24 



CLASSII'ICATION AND LOGGING CLASSIFICATION - 
♦ DISCUSSION AND PRACTICE 

A. Clean, Coarse-grained Soils (GW, GP, SN, SP) 

Study references: Earth Manual, pages 379-388, 396-397 

B. Fine-grflined Soils (ML, CL, OL, Mil, CH, Oil, PT) 

Study references: Earth Manual, pages 388-394, 398-400 

C. Coarse-grained Soils with Fines (GM, GC, SM, SC) 

D. Borderline Soils 

1. Well or poorly graded (GW-GP) 
2/ Gravel-sand mixture (GW-SW) 
3. Clean or dirty (GP-GM) 
" 4, Coarse or fine grained (GM-ML) 
5. Silt or clay (ML-CL) 

Study references: Earth Manual, pages 16-18, 387, 393, 397, 400 

E. Classification of Undistrubed Santples 

Study references: Earth Manual, pages 385, 394, 395 

Unified Soil Classification System 
(Supplement to the Earth Manual) 
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Out lino No, 25 



FiniD INVESTIGATIONS • BXPLORATION PROCEDURES 

A. Introduction 

B. Exploration Methods 

1. Acces$ibl6 methods of explpration 

dt Trenching * 
b. Cuts 

€• Tost pits 

d. AccjSSi^ible boring 
0* Accessible caissons 

f. Tunnels and drifts 

g. Blasting 

2. Nonaccessible methods of exploration 

a. Auger boring (hand and power) 

b. Kollow^stem auger 

c. Enclosed flight auger 

d. Drive-tube boring 

e. Percussion (churn) drilling 
f • Jetting 

g. Wash boring 

h^ Rotary drilling 

i* Continuous sampling 
C» Other Indirect Methods (only mentioned) 
Study reference: Earth Manual, Chapter 11, pages 133-154 
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Outline No, 25 Continued 

FinU) INVESTIGATJONS - SAhtPLING flAlklAW 

A, Introduction - Purpose 

Disturbed Samples - Types, shipping containers, moisture-content 
determination and records 

Sampling Procedure 

1* Sampling from accessible holes 

2 ♦ Sampling from nonaccessible holes 

a, ik>les smaller than 8 inches 

b» Holes larger than 8 inches 

3» Sampling stockpiles 

D» Logging and Data 

Sample Size Requirements 

Ft Shipping Instructions 

Study reference: Earth Manual, Designation E-1 
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CUSSIPICATION AND WXIGINO LOGS OP 
TEST PITS AND AUGER HOLES 

A* Introduction 

1. Definition 
Purpose of Log 
It Structures 
2* Sorrow areas 

C. The Log Form 

It Percentage by volume of oversize 

2. Natural density and moisture 

3* Importance of soil classification 
4« Description of soils in logs 
D« Summary 

Study reference; Earth Manual> pages 158*170 
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Outline No* 27 



FIELD INVESTIGATIONS - CANALS AND MISCELLANEOUS 
STRUCTURES - FOUNDATIONS AND MATERIALS 

A« Introduction • Impottance of Investigations 

B. Planning Investigations 

!♦ Review tentative plans for structures • 

2* Review potential soil problems - early recognition/ 

3. Review local conditions, features, and performance of 
similar construction* 

4» Review previous investigation reports, 

5# Degree of exploration varies with stage of investigation* 

a« Investigate most serious problems first* 

Use methods appropriate to furnishing the desired 
information* 

6# Maps •Topography, geology and soil conditions, hydrology* 
C* Stages of Investigation 

1* Reconnaissance - Descriptive 

a. Properties based on visual classification 

b« General appraisal and evaluation of subsurface 

2/ Feasibility - Qualitative 

a. Limited exploration properties determined by index 
tests* 

3, Specifications - Quantitative and specific 

a» Engineering properties determined for various soil 
types, 

b. Sufficient exploration to establish conditions at all 
critical points. 
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4, Characteristics of subsurface developed in progressively 
greater detail as work proceeds. 

D. Soil Components, Properties^ and Characteristics 

li Boulders and cobbles - stable/ occurrence in situ improves 
stability, angularity increases stability, 

2. Gravel and sand - easy to compact, little affected by inois^ 
ture, not subject to frost action. Well graded less per- 
vious and more stable than poorly graded. 

3. Silt - unstable with increase of moisture, tendency to 
become quick. Relatively impervious, difficult to compact, 
highly susceptible to frost heave, easily erodible, subject 
to piping. 

4. Clay - cohesive strength increases with decrease in moisture* 
Low permeability, difficult to compact when wet, subject to 
expansion and shrinkage. 

5. Organic matter -undesirable. 

E. Engineering Use Chart - Relative desirability of typical soils 
for engineering purposes* 

1. Compacted earth canal lining - impervious, erosion resistant, 
stable. Relative desirability - dW-GC, GC, SW-SC, SC, SC-CL, 

CL, Q'U 

2. Structure backfill - desirability dependent upon backfill 
requirements. 

a. Impervious backfill impervious gravelly soils, SW-SC, 
SC, CL, SC-CL, SM-SC, SC-ML, etc. 

b. Pervious backfill - 

GW, GP, SW, SP <S percent fines 

GK-Ol, GW-GC, GP-GH, GP-GC <8 percent fines 

SW-SC and SM, require special consideration, suitability 

dependent on gradation and plasticity. 
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P* Surface Exploration * Faroiliarity with geologic landforms^ soils 
associated with them, and potential problems* 

1. Glacial areas 

a* Heterogeneous - any type of soil, in almost any form, 
and in any proportion* 

b» Hydraulic structures - sutlable design precautions 
required* 

c* Light structures • no difficulty* 
d* Heavy structures - differential, settlement. 
2* Loesslal areas 

a. Settlement upon wetting 

b. Piping 

c* Recompactlon - reliable platform for footings 

d* Vertical slopes 

3. Sand-dune areas 

a* Transmission towers - seeding or road oil* 

b* Plies to depth unaffected by any shifting of dunes. 

c* Runoff very low. 

d* Canals lined. 

G. Subsurface Exploration •Identify soils In foundation, their 
extent (dimensions), and properties. 

1* Point structures (small buildings, towers) - a single hole 
will often be sufficient* 

2. Powerplants and pumping stations - special attention 

a* Vibrations and sensitivity to settlement. 

b* Detailed and thorough. Holes at plant comers, turbine 
locations, heavy bearing walls. Supplemented with 
additional borings. 
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3* Switchyards - settlement and uplift 

4. Line structures (canalSi laterals, drains, etc.) 

a« Spacing of holes dependent on subsurfaco^ 

b. Canals - feasibility, 1-mlle intervals 

• specifications, 2,000«foot intervals 

0/ Minimim - 10 feet below invert grade, greater depths 
for questionable soils* 

5; Borrow areas for canals « required excavation, adjacent 
borrow, distant borrow. 

lU Exploration for Materials with Specific Properties 

1/ Usually not feasible to obtain material with ideal 
characteristics. 

2. Volume substituted for quality} special processing may be 
more economical than longer hauls. 

3. Impervious materials - blending of coarse material with 
impervious soil; erosion resistant and Impervious. 

I. Structure performance is dependent on investigation and Infor 
matlon which is performed and provided. 

Study assignment: Earth Manual, Chapter II 
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Outline No t 28 



FIEIi) PEWinABIUTy TFST (WELL PBW^^^ 

£liSE21Si obtain the permeability characteristics of the 
soil in placei particularly for the estimation of canal 
seepage • 

The Well Perweameter Test consists of the measurement of the 
rate of water outflow (under constant head) froTi an uncased 
well augered in the soil to be tested* 

C* Tlie Detailed Test Procedure is p in Designation E-ld 

(pages 546»562) of the Earth Manual* 

Di The major precautions to be taken in conduction of the well 
permeameter test are: 

U Determine by exploration to a level about three times the 
well water depth the classification of the canal soils and 
location of the ground-water surface* 

2. Avoid unnecessary disturbance (particularly compaction) of 
soil on the well sides and bottom* 

3* Use clean sand for backfilling wells* 

4* Use clean water for permeability test* 

5* Continue test sufficiently long to reach an approximate 
steady state flow condition* 

E* Canal Seepage Estimates 

1* To compute seepage from an unlined canal based on well 
permeameter tests ^ use the following formula: 

k(B 4 2d) 

where 

S « seepage in cubic feet per square foot per day 

k « coefficient of permeability in feet per year 
from the well permeameter test 
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B n canal water surface width in feet 

d • canal water depth In feet 

Wp ■ canal wetted perimeter in feet 

C • seepage factor determined from well-permeamoter and 

ponding tests. C • 1 for wind-deposited soils (dune 
sand and loess) and C /» 3.5 for water-deposited 
soils. 

F. The Shallow-welWtype Field Permeability Test is for use in 
canal earth linings for construction control and evaluation 
purposes. 

Study references J Earth Manual^ Designations E-19 and B-36 
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Outline No, 29 



FIELD INVBSTIGATIONS - SAHPLING FOUNDATIONS 

A. Introduction 

B. Hand flothods 



1. 


Apparatus 


2. 


Methods 


Mechanical Drilling Methods 


1. 


Apparatus 


2* 


Procedure • Gonoral 


3. 


Drilling fluids 


4* 


Denison-type sampler 


S. 


Pitcher sampler 


6. 


Tliin-wall drive sampler 


7. 


Piston sampler 


8. 


Double<*tube auger sampler 


9. 


Core sampler 


10. 


Full-flo core barrel 


u. 


Triple-tube core barrel 


12. 


Field measurements and records 



D, Shipment Precautions and Instructions 
Study reference: Earth Manual, Designation E-2 
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Outline Mo, 30 



FIELD INVESTIGATIONS - EARTH DAM FOUNDATIONS 
Introduction 

Purpose of Investigations 

!• To determine foundation stability 

2» To determine foundation permeability 

3* To facilitate estimate of foundation treatment 

4» To avoid pitfalls during construction and operation 

Stages of Investigations 

U Office investigations 

a* Review of previous investigations and report 

bt Aerial photographs 

c* Drill logs 
2. Field investigations 

a» Reconnaissance (descriptive) 

b. Feasibility (qualitative) 

c. Specifications (quantitative, specific) 
Problem Areas 

1. Overburden 
a. Stability 

(1) Undslides 

(2) Compressible soils 

(3) Weak soils (low shear strength or low cohesion) 
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b. Permeability 

(1) Grain size and gradation 

(2) Physical state and type 
c« Miscellaneous 

2. Rock 

a. Stability 

(1) Thickness and dip of beds 

(2) Unstable seams and inter-beds 

(3) Faults 

(4) Weathering 

b. Permeability 

(1) Cavities 

(2) Joints and fractures 

(3) Soluble rocks 

(4) Weathering 

c. Miscellaneous 

B. Design Features that Overcome Foundation Defects 
U ArQas of instability 
a. Excavation 
b* Consolidation 
c# Embankment design 

d. Filters 

0. Drains and pressure-relief wells 
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2/ Areas of excessive permeability 
at Excavation 

b. Grout curtain 

c. Cutoff walls 

d. Blankets 

e. Drains and pressure^relief wells 
F. Case History 

Study reference: Darth Manual; Chapter II 



FIELD invnSTIGATIONS EARTH DAft MATERIALS 
Why Earth Dam Materials Investigation? 
I, Inventory of materials 

a, locate deposits 
Identify deposits 

c. Determine quantity 

di Significant features of occurrence 

e. Properties of soils 
Investigation by Stages 
1* Reconnaissance stage 

a. Descriptive data 

b. Investigate large area 

c. Visual classification 

d. Advantages and disadvantages 
2« Feasibility stage 

a* Confirm and revise previous investigation 

be Inventory 

Ce Some exploration 

de Describe material sources 

e. Bstimate quantities 
f ♦ Physical tests 

I 

g. Recommendations for use 
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5, Specifications stage 

a. Review all previous work 

b. Extensive exploration 

c« Assure adequate material 
d« Specific and quantitative data 
e« Sample selection 
f • Detailed report 
4. Construction stage 

a/ Distribution of material in borrow area 
b» Moisture conditions 
c» Depth of cuts 

d. Material distribution in embankment 
t/esign Considerations 
1. Permeability 
2/ Stability 

3» Shrinkage and compression 
4» Piping and washing out of fines 
S* Economical utilization 
Construction Considerations 

1. Accessibility 

2. Natural moisture 

3. Workability 
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Rock Material 

1* Us0 of rock material 

2* Riprap requirements 

a. Soundi dense, durable, angular, equidimenslonal, 
reasonably well graded 

i. Investigation 

a» Similar use 

b. Joint spacing 

c. Economical production 

d. Blast test 
Planning 

1. Office 

a. Topographic maps 
b« Geologic maps 

c. Agriculture soil maps 

d, Aerial photos 

2. Field 

a« Aid of geologist 

b. Surface indications 

c. Subsurface exploration 

d. Inspection test pits 

e. In-place moisture and density 
Reports 

I. Reconnaissance. - Letter or preliminary geologic report 
2» Feasibility^ - Feasibility materials report. 
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3« Specifications I * Specifications design data materials 
report (Earth Hanual^ page 175) • 

4# Construction, - Periodic construction report mate- 
rials distribution chart, 

IWENTORY carefully all construction materials to be considered 
as borrow areas • 

plus 

REPORT clearly and fully the significant features of occurrence 
and soil properties. 

equals 

ECONWICAL and ADEQUATE design. 

Study reference: Earth Manual, Chapter II 
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Outline No. 32 
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ROCK MECHANICS - IN SITU TESTING 

A. Introduction 

1, Reasons for presenting subject to Eajrth Control and 
Investigation Course participants. 

2« Reasons for conducting tests (basic type information we 
wish to obtain), 

3. Projects where in situ tests have been conducted. 

B. Types of Tests 

1. Uniaxial deformation - explanation 

a. Slides 

b. Display flat Jack 

2. Radial Jacking - explanation 

a. Slides 

b. Display flat Jack 

3. Direct shear • explanation 
a. Slides 

4. Plate gouge - explanation , 
a. Slides 

C. Summary 

D. Conclusions 

E. Questions and allow students to examine displays. 
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Outline No 4 33 



ROCK MECHANICS - FIELD INSTRUMENTATION - PART I 

A. Shotcrete Instrumentation at Hunter ^Tunnel 
l; Hunter Tunnel - Purpose and Description 
2n Shotcrete characteristics 

3, instrumentation 

a. description 

b. Installation 

c. data recording ^ 
4* Results 

5. Conclusions 
6» Displays 

B. Overcore Stress Relief Method 

1. Instrumentation 

a. Description 

b, Test procedures 

2. Examples of field test programs 

a. Tests In rock 

b. Tests In concrete dams 

3. Conclusions 

4. Displays 
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ROCK MECHANICS - FIELD INSTRUMENTATION - PART II 
At Introduction 

I. Reasons for Instrumentation 

a. Stability and safety 

b. Performance of supports 

B. types of Instrumentation 
1. Extensometers 

* 

a. Multiple position 

(1) Slides 

(2) Application 

b. Single Position 

(1) Slides 

(2) Application 

c. Model displays 
2* Meters 

a. Joint 

(1) Slides 

(2) Application 

(3) Model dispaly 
3. Hydraulic pressure cell 

a. Use with rock bolts 

b. Model display 

C . Summary 

D. Conclusions 

E* Questions and examination of displays 
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CONVERSION FACTORS-BRITISH TO MKTRIC UNITS OF MEASUREMENT 

th« following conyiriton fKtofi »dopt«d by tK« Bu'iau of Reclamation ara thOM published by tb« American 
^ Society for Teitlng and Malirlali (ASTM Metric Practice Qufda. E 380-68) except that edditlonel fKtori <*l 

K - commonly used in the Bureau Mve been added. Further discusiion of definitioni of quantltiai end units ii gh^n In 

the ASTM Metric Prectlce Guide. 

The metrk units end corfvertlon fKlors adopted by the ASTM ere bated on the "intarnatlonel System of Units" 
(designated SI for Systeme Internellone) d'Unltes). fixed by the Internetionel Committee for Wei^ts end 
Meesurn; this systtm is elso known h the Giorgi or MKSA fmeter Kilogrem <m est ) second emperc) tyitem. Thfs 
system hei been adopted by the fnternet)or>al Organization for Stenderdf/etion In \S0 RecomrrMndation H 3), 

The metric technkel unit of force is the kliogrem- force; thU Is the force which, when epplled (o e body haying a 
m*%i of 1 kg. gives it an ecceleretk>n of 0.80665 m/sec/sec, the stenderd ecceleretion of free fiU towerd the earth's 
center for see level et 45 deg latitude. The metric unit of force In Si units is the newton (U), which is defined es 
thet force which« when applied to e body having e or>ess of 1 kg, gives it en ecceieretfoo of I m/sec/see. These units 
must be distin^lshed from the (Inconstent) k>cal weight of a body heving e mast of 1 kg. thet Is, the weight of e 
body Is thet force with which a body is ettracted to the earth end ii equal to the mass of a body muftipKed by the 
aoceleret^oT) due to gravity. However, beceuie it is generel practice to usa "pound'* rether than the technically 
correct term "pound-force/' the term ''kilogram" (or derived mess unit) hes been used In this guide Initeed of 
"kilogram force" In axprasting the conversion (Ktori brforcev The newton unit of force wiH find Increesing use, 
artd is essentiel in SI units. 



Where approximate or nomlnel Cngilih units ere used ro express a value or range of values, the cortverted rrietric 
units in partniheses art alto epproximatc or nominat. Where predsa Cn^ish units are used, tha convtVted metric 
units ere cxprmed as eoueliy signific en t values. 



Table I 



QUANTITIES AND UNITS OF SPAC£ , 

Multiply 8y To obtain 

LENGTH 



Mil 26.4 (exactly) Micron 

Inches 26.4 (execliy) Mitlimeiers 

fnches 2.54 (exactly)* Centimeters 

Feet 30.48 (exactiv) Centimeters 

Feet 0.3048 (exKtlyl* Meters 

Feet 0.0003048 (exactly)* Kilometers 

Yards 0.9144 (ex»ct»y) Maters 

Miles (statute) 1,60ft.344 (exactW)* Meters 

Mites . 1.609344 (axectly) . . Kilometers 



AREA 



Squve inches 6.4516 (exactly) Square centimeters 

Square feet '9?9.03 Square centimeters 

Squerefeet 0092903 Square meters 

Square yerds 0.836127 Square meters 

Acres •0.40460 Hecteres 

Acres •4,046.9 Squere meters 

Acres '00040469 , Sqoere kilometers 

Squwe miles 2,68999 Squere klJomelers 
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Cubk Inches 
Cubic feet . 
Cubic yerds . 



Fluid ounoei(U.S) 
FKiid ounces iVS.\ 
Liquid pints (U.S.) , 
Liqu>d pjnts (U.S.) 
Ouam (U.S.) . . . 
Ouans (U.S.) . > . 
Geilons (U.S.I . . . , 
Gallons (U.S.) . . . 
Gallons (U.S.) . . . 
Gallons (U.S.) . . . , 
Ga(ior\slU.K.I , . . 
Gellor^s(U.K.) ... 

Cubic feet 

Cubk yerds .... 
Acre-feet ..... 
Acre-feet ..... 



VOLUME , 

16.387! CuWcr^lntimeteis 

00283168 Cubic meters 

0764555 Cubic meters* 

CAPACITY \ 

29.6737 Cubic centimeters 

29.5729 . V^.(1if iters 

0.473179 Cubtedec;maters 

0473166 -Liters 

'946.358 CuWc centimeters 

*0.94633l . Liters 

•3.785.43 CuWc centimeters 

178S43 . Cubic decimeters 

3.78533 Liters 

'0.00378543 . , CubK meters 

4.&4d09 Cubic decimeters 

4.6459^ Liters 

28 3160 Liters 

•764,55 * . . . Liters 

•1,233.6 , Cwbic meters 

'1.233.600 Liters 
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Vnconc y cose ai> 




PROPERTY AND WAREHOUSE SECTION 

G G Hooper coDi Bip 




BUILDING MANAGEMENT SECTlO^I 

f? L Wofliins CODE 


B > I 






GENERAL SERVJCES BRANCH 
C R B loeflo 1 n , Chief 

CODE 


900 




FACILITATING SERVICES SECTtON 

»< A MCAdoms coDC 


910' 




PRINTING AND RlSTRlBuTiON SECTION 
R E MCGreqor com 


420 




CORRESPONDf NCE AMD RECORDS SECTION 
T B Ben co« 


9 30 



DIVISION OF DATA PROCESSING 
D.W. Webber, Chief coc 



OPERATIONS AND SUPPORT SERVICES BRANCH 
vaconcv, Ch-ef 



Sv^TEMS SOFiyVARE SECTION 
f R Ci»Qdraoo 



EQUIPMENT AND OPEROTiONS SfCrON 
C R F er qoson co< 



ADMINISTRATIVE SYSTEMS BRANCH 

C 5 Miilc, Cn.ef 



Systems a..d programing 
section so i 

Vot □ nc 



SrSfEMS AND PRLOSAMING 
SECTION NO 2 
Vo c a ncy 



cooe <<Z2 



ENGINEERING AND SCIENTIFIC SYSTEMS BRANCH 
L *^l Bifrton, Chtef 



SrS7£WS 


AWALYSjS AfJD DEV'ELDPWfNT 




SECTION NO 1 




D R Lock« cooc ..31 


systems 


ANALYSIS AND DtVELOS'WENT 




SECTION NO 2 




D L Mc Goiiiord ,,52 



DIVISION OF SAFET 
R. J. Seorle, Chief 



COMM I $S 

0, 0. STAf 



it A N T 'to f HE ' * C 0 M msli^^^^^ 
PROOflAM POLICIES 



ASSISTANT COMMISSIONER 
RESOURCE PLANNING 



DIVISION or SAFETY 
R. J. Seorlei Chief 



DIViSlON OF PLANNING COORDINATION 
W W. Reedy, Chfef cnt t^© 

W R. Ct>ris(>ansen, Asst Chief tSpecoi 5»ud'«s) ton »8 
V Lopeii Jr, Asst Chief (Pion/iii^ M^nt ) cf« 



LOAN Omci 
R H_ Butti, Loan Inginiir 



W*TiJ» QUALlTr orftcf 



PLANS COORDINATION AND REPOftIS BRANCH 

K 0 KSjffffiOrt, it C15I 



RESOURCE ANALYSIS BRANCH 

E Bar boyr, C hi if son i lo 



ECONOMICS SECTION 



LftNO UTiLlZATtON SECTION 
« 3 Pt(tf« 



4ATER WANAGCMENT PtANN^NO BRANCH 

G H Toibott, Chilf r&6( T%o 



FLOOD ANC SEOiMEVTAriON SECriQN 



AATER UTILIZATION SECIlON 

A C Gibbs cocc m 




OFFICE OF OEStON AND CONS 

H. G. Ar f huf^ Director 
0 J Djck, Deputy Director 
J. C Pelers, Enviror^men^oi Spe 
J- D Harpster, Irfor motiort Of 



DIVISION OF DESIGN 

J. W. Hitr, Chiir cHc I I 
J 0 Bro«n, Attr Chilf 

OeS'CN OCLCtiATiON AND OPCRATlNO CRiUAlA COOC 1^ 



HY0RAU14C STRUCTUfteS BRANCH 
M A Jcbqrq, Chiif 



CONCRETf OAMS SCCTlON 
C C Crawford 



£A«TH DAMS StCTiOK 
R W Bocli 



4PILL*AYS, OuTltlS.B EkPTL ANALTSiS SECnON 



TL;NNELS ANO P|P£LI^E$ SECTION 
J W Morri« coc< 



CANflL STRICTURES AND BRiOCES SECTION 



GtOLOOr AND GCOTCCHNOLOOY BRANCH 

M H Logoff, Ch[ir 





CEOTEChNOLOCY SECtlDN 
4 S Ood<i 


CO DC 


1)1 




ENGINEERING GEOLOGY SECTION 
L ft 8*irlofl 


NO 1 

ton 


tu 




ENGINEERING GEOLOGY SECTION 
I E Klein 


NO. i 
wot 


tl) 




CARTOGRAPHIC A^O SPECS SECTION 
R Roo^ toof 


13* 


CLECTRICAL BRANCH 






R Y N'^ta, Chitf 


CO&f 





PO*Efl AND PUWPING PLANT DESIGN SECTION 
J B ♦(irkpfltnch (4 



TRANSMISSION PLANT DESiGN SECTION 

E M Torrs-C ccDI i*t 



POWER STSTEM OESiGN SECTi.ON 



STA CON^ftOL AND AuilLlAfly PO*ER SECTION 
H H Vontf«rPlao»$ tatiM* 



MECHANICAL BRANCH 



HYQflAULJC MACHI\ERY SECTlQS 
C G Bol«l ciii 



GATES ANO VALVES SECtlON 



STEEL PIPE AND SPlCiAL EQUIP SECTION 
J J AolUr caei iii 



SPECIAL sruotes and testing section 

G H Jo^f SON toci fg« 



STRUCTURAL AND ARCHITECTURAL BRANCH 

R S Sol. man, Ch>»f 



PlANT STRUCTURES SECTION 

J P Cobi* to^f t» 



IRANSMiSSiOti AND STR'XTuRAL STEEl SECTiON 
0 A Co»^^9»oft cooc t*i 



SiVttARY, UTILITIES, AND SPECS SECTION 

« R Arvd«rlon i«« 



ARCWTECTURAL AND BUILD?N55 SECTION 
N V Bu'Hr txl It 



DIVISION OF CONSTRUCT! 
W. R. OroiflCloii, Chl«r 



CONSTRUCTION LlAlSOt 
L R GibT^ort, Ciyil Enginiir 

Grouttng 
C E To«Mt», Civil Enginiir 

R«g.dfll PNtPorl)^ MPlPprO 

Tunr^lli 
J 0*M, Civil Eng>n«|f 

R«9.0ft» 5*(Port|, MP (Parf), 



CONTRACT AONIINIStitATlON B 
C L T>!ir, Chitf 



CONTRACT SCtTlON NO 
G W Hoy 



CONTRACT SECTION NO 



CONTRACT SECTION HO 
EC Cordtn 



CRAVING TRANSMlTtAL SEC 
C M. MSrfJl 



EQUIP INS TALL ATH)N AND mSPCCTiO 
R * F»wl«r, Chilf 



EOUIPMENT (NSTALlATiON SE 
T f, S»rnmi 



INSPECTION SCCTlO^I 
P R. VKolNrt 



SPECIFICATIONS ANO PftOCUREMEN 
H Btrgir, Chiif 



SPECIFICATIONS SECTiO 
R N WCNo^qfiton 



STANQAROS SECTION 



PROCUREMENT SECTION 



CONTRACT SChEO AND PROC 
VaCOnCjf 



COMMI SSfONER 



0, 0. SIAVM 



ASSISTANT TO THE COMMlSSIONEft 
ECOLOGY 

E A SCAVAN cote 



ASSISTANT COMMISSIONED? 
RESOURCE DEVELOPMENT 



: OF DESIGN AND CONSTRUCTION 

H 6 Arthur, 0<f«Ctor icoi roo 

D J Ouck^ Deputy Director cact lO' 

C Peter t<>v-*c*^fr%entO'i Spec.O^^*t coei idi 



OlVtSlON Of CONSTF^UCTION 



, ^^^J: * ^ 



CCSIRaCT SECTION «iO I 



CPA*. St t^ASSMnlfcl. SftTlOM 
C H Morr.j 



p f% *1;t«fJ 



J f eanqt t^c« IM 

1^ 9C 0'' t y oat I ii» 



DIVISION Of ENGINEERING SUf>PORT 



6 N. Thoriky, Chiaf c^ce >4>a 



ffCHMlCAL SCRVICCS ANO PUBu QRA*JCM 



S^^eCUt S£l?v-.XfS SECliON 



C^TIMATES ANO ANALV$CS BffA>4CH 

ft 0 H cM, Cni*f 



ESTjWATEJ SCCTiQN 



HfiftLTSES 04TA SECTION 



DRAFUNQ BRANCH 



ST^jCT AND *RC»1, MECk 61N StCT^ON 



CIWS AND OEOlOGi^ SECTlOti 



ERIC 



DIVISION OF GENERAL REScARCH 



iNST^iUWE^TATlOH GROUP 



CONt»»fTE AVD STfluCTUHAL BftA^CH 



t IV Horb0< 



POLYMER co^^Cf^c^E a^D s!j?uciuR«'. section 



APPLttO SCf£NC£5 S«ANCH 

MAtEft-AlsTcTutf S£CT>0« 



ihiviROf^msui SCIENCES nam 



|pHjrs?CA: scif vers ^\{> *4T£p TsfAJ«f^r SEcr.'Q.^ 



HTOPAUCICS BRANCH 
* € Wogn«^, Chi*? 



APi'KtO HrOPA;iilCS SECTION 



HrOfti'jLiCS f?ESE«ftCw Sfc:rfO*( 



EARTH SCIENCES BRANCH 
H J 0>bb?, Chi^r 



SPCCiAl iNVtMitftTiONS m RESEARCH SECflON 



soil fflCPERTiES tCSTi^S SECT^CS 



;?OCK MECHANICS SECTION 
0 I Mitftrtk 



ELECIRlC POWEfl BRANCH 



LAgOflATORr KHO %nCitl MO^CCTS S£Ct'014 
RR frte'sberg coat^ 



LABOftAtORy SHOPS 
G 0 0>C»iiMOft, Atlt 



$pe<iiA(] 

TO TKC 



OIViSiON Of ATMOSPH€«l 
RESOURCES MANAO&' 
A W. KohOft, Chl« 
C J Todo, Asm Chii 



RESEARCH AND DCVCLOPMEP 



AOAPIAflON B^Attfj 



OPERATIONAL A^fUCATIO* 

V'3C9'<«», ChU< 



PROGRAM tli^PORf 5' 
R £ Traiior, CAi« 



SPECIAL ASSISTANT 
TO THE COMMISSIONER 



ASSISTANT COMMISSIONER 
RESOURCE MANAGEMENT 
E. F, SULLIVAN 

-j-^ 



0IV(SI0N OF ATMOSPHERIC WATER 
R€SOi;/?CES MA\AGEWENT 

A M, Kohan, Chief c:jt ■ 
C J Toad, fi^.sf Cr-if 



fiCSCAftCH AND OEVClOPMENT BRANCH 

ADAPTATION BRANCH 

f> 8 Qifdrao, Chiif 



PROGRAM SUPPORT BRANCH 



DIVISION OF WATER 0 a M 
K. K Kober, Chief 



MAiNTCNANCC BRANCH 



OPERATIONS BRANCH 

0 A Pr^c*^or4, Ct it 



DRAlNAGt AND GROUNDWATCR ORANCH 



DIVISION OF POWER 0 6 M 
Voconcy, Chief 



1 StSTCM 


PLANNING BRANCH 




C 










CODC |l« 


1 eiNGlNCCR^NO 


AND OPCRATlON BRANCK 


1 
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